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Abstract

This technical memorandum describes the algorithms, features and implementation of the
Likelihood Ratio Test (LRT) Polarimetric SAR (PolSAR) Ship Detection Application. The
detection algorithm is based on the likelihood ratio test with Neyman-Pearson criterion. The
detection algorithm is applicable to many PolSAR system configurations, including quad
polarimetric, dual polarimetric and single-channel. The detection threshold is calculated from
image statistics to achieve a desired false alarm probability. Other statistical quantities are also
calculated, such as covariance and correlation of polarimetric channels, as well as mean and
standard deviation of the decision variable. A Pauli decomposition algorithm is included as an
initial step for a future target classification capability.

Examples of typical results are given. The report contains a user guide and design diagrams for
the algorithm implementation. The detection algorithms were developed for C-band airborne
PolSAR data from the EC CV-580, C-band polarimetric SAR sensor flown on the EC CV-580
but are also applicable to ENVISAT ASAR and RADARSAT-1/-2 images.
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Résumé

Le présent résumé décrit les algorithmes, les fonctions et la mise en ceuvre de ’application de
détection de navires par radar polarimétrique a synthése d'ouverture (PolSAR), faisant appel au
test du rapport des vraisemblances (LRT). L’algorithme de détection est basé sur le test du
rapport des vraisemblances avec le critére de Neyman-Pearson. L’ algorithme de détection
s’applique a de nombreuses configurations du systéme PolSAR, y compris la configuration
polarimétrique quadruple, la configuration polarimétrique double et celle a un seul canal. Le seuil
de détection est calculé a partir de statistiques d’image de fagon a obtenir la probabilité de fausse
alarme voulue. D’autres grandeurs statistiques sont aussi calculées, comme la covariance et la
corrélation des canaux polarimétriques, ainsi que la moyenne et I’€cart-type de la variable de
décision. On inclut également un algorithme de décomposition de Pauli, comme une premiére
¢tape dans la mise au point d’une fonction de classification des cibles.

Le rapport fournit des exemples des résultats types obtenus. Il comprend un guide de I’utilisateur
et des schémas de conception pour la mise en ceuvre d’algorithmes. Les algorithmes de détection
ont été mis au point a partir de données PolSAR (en bande C aéroporté) du capteur SAR,
transporté a bord du CV-580 d’Environnement Canada, mais s’appliquent aussi aux images
d’ENVISAT ASAR et de RADARSAT-1/-2.
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Executive summary

One of the key requirements of the Canadian Forces (CF) is the availability of an efficient wide
area ocean surveillance system from space'. Such a system must have the ability to automatically
detect ships with a lower false alarm rate than present systems and should also have an automatic
target classification capability. A key fundamental component of such a system is a high
performance ship detection algorithm.

The upcoming launch of RADARSAT-2 will provide a spaceborne polarimetric SAR. Previous
work® found that a nearly optimum solution to point detection of ships was to apply statistical
decision theory directly to the components of the scattering matrix. The best point detection
algorithm is a Likelihood Ratio Test with a Neyman-Pearson criterion. This leads to a formula
for a decision variable which can be used to decide whether an image pixel is from a ship or from
the ocean. Decision variables for a number of polarimetric system configurations were
developed, including quad polarimetric, dual polarimetric with amplitude and phase, dual
polarimetric with amplitude only and single-channel. The detection performance and false alarm
probabilities were estimated from C-band images from the CCRS C-band SAR sensor. This
calculation showed that either a quad polarimetric system or a dual polarimetric system with HH
and VV amplitude and phase would provide a significant improvement over single-channel
systems.

In order to implement these algorithms, a Likelihood Ratio Test (LRT) Polarimetric SAR
(PolSAR) Ship Detection Application has been developed to provide both a research tool and a
basis on which to build a complete ship detection capability. The detection algorithms can be
applied to various types of polarimetric and single-channel systems such as RADARSAT-1,
ENVISAT, ASAR and RADARSAT-2. However, the main objective is to prepare for the
operational use of RADARSAT-2, which will have many polarimetric modes, including quad
polarimetric.

This technical memorandum describes the algorithms, implementation and gives some examples
of applications. A User Guide is included in an Annex.

The features of the LRT PolSAR Ship Detection Application include:

a)  Point detection of ships using the likelihood ratio test and a threshold calculation to achieve
a desired false alarm probability for the point detection, applicable to many polarimetric
system configurations from quad polarimetric to single-channel;

b)  Calculation of various statistical quantities such as the covariance and correlation of
scattering matrix components, and the mean and standard deviation of the decision
variable;

¢)  Pauli decomposition to support target feature extraction;

' Quinn, R.J. (2005). “Project Polar Epsilon: Joint Space-Based Wide Area Surveillance and Support
Capability”, 8" International Conference on Remote Sensing for Marine and Coastal Environments
proceeding, Halifax, Nova Scotia, Canada, 17-19 May 2005

* Liu, C., Vachon, P.W_, and Geling, G.W. (2005). Improved Ship Detection with Airborne Polarimetric
SAR data. Canadian Journal of Remote Sensing, Vol. 31, No.1, pp. 122-131.
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d)  Various image display options.

The application software has a modular construction to permit easy modification and the addition
of new features It is intended that the present application software will be upgraded to provide a
ship detection and classification capability. To achieve this, it will be necessary to add a
clustering and segmentation capability to extract ships, automatic ambiguity removal, automatic
land area removal and further polarimetric decomposition algorithms. With these added features,
the LRT PolSAR Ship Detection Application will be able to provide a ship detection and feature
extraction capability using RADARSAT-2 images to contribute to the requirements of the
Canadian Forces for wide area ocean surveillance.

Liu, C., Meek, A. 2005. Likehood Ratio Test Polarimetric SAR Ship Detection
Application. DRDC Ottawa TM 2005-243. Defence R & D Canada - Ottawa.
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Sommaire

La disponibilité d’un systeme efficace de surveillance des océans a couverture étendue, basé dans
I’espace, constitue un des besoins principaux des Forces canadiennes (FC)’. Un tel systéme doit
étre capable de détecter automatiquement les navires avec un taux de fausse alarme plus bas que
celui des systémes actuels et devrait posséder une fonction de classification automatique des
cibles. Un algorithme de haute performance pour la détection des navires représente un élément
fondamental de ce genre de systeéme.

La mise en orbite prochaine de RADARSAT-2 fournira un radar a synthese d’ouverture (SAR)
polarimétrique spatial capable de faire la détection en tout temps. Des travaux effectués
auparavant® ont permis de conclure que ’application directe de |a théorie statistique de la
décision aux éléments de la matrice de diffusion était une solution quasi optimale pour la
détection ponctuelle de navires. Si on suppose que les éléments de diffusion sont caractérisés par
une distribution gaussienne, le meilleur algorithme de détection ponctuelle est basé sur un test du
rapport des vraisemblances avec le critére de Neyman-Pearson. La résultante est une formule
correspondant a une variable de décision, qui peut étre utilisée pour déterminer si un pixel d’une
image correspond a un navire ou simplement a ’océan. Des variables de décision pour un certain
nombre de configurations de systémes polarimétriques ont été développées, y compris la
configuration polarimétrique quadruple, la configuration polarimétrique double avec amplitude et
phase, la configuration a deux avec amplitude et la configuration a un seul canal. L’efficacité de
détection et les probabilités de fausse alarme ont été estimées a partir d’images en bande C
provenant du capteur SAR en bande C du CCT. Ces calculs ont montré qu’un systeme
polarimétrique quadruple ou un systéme polarimétrique double avec amplitude et phase HH et
VV permettent d’obtenir des résultants nettement supérieurs a ceux obtenus avec les systémes a
un seul canal.

Pour la mise en ceuvre de ces algorithmes, une application de détection de navires par radar
polarimétrique & synthése d'ouverture (PolSAR), faisant appel au test du rapport des
vraisemblances (LRT), a été développée afin de servir a la fois d’outil de recherche et de basc
pour la mise au point d’une fonction compléte de détection des navires. Les algorithmes de
détection peuvent étre appliqués a divers types de systémes polarimétriques et de systémes a un
seul canal, tels RADARSAT-1, ENVISAT ASAR et RADARSAT-2. Toutefois, I"objectif
principal demeure la préparation pour I’utilisation de RADARSAT-2, qui compte de nombreux
modes polarimétriques, y compris le mode polarimétrique quadruple.

Le présent résumé décrit les algorithmes et leur mise en ceuvre et fournit quelques exemples des
résultats obtenus. De plus, un guide de ’utilisateur est joint au rapport dans une annexe.

Voici quelques-unes des fonctions de I’application de détection de navires PolISAR LRT:

 Quinn, R.J. (2005). “Project Polar Epsilon: Joint Space-Based Wide Area Surveillance and Support
Capability”, 8" International Conference on Remote Sensing for Marine and Coastal Environments
proceeding, Halifax, Nova Scotia, Canada, 17-19 May 2005

* Liu, C., Vachon, P.W., and Geling, G.W. (2005). Improved Ship Detection with Airborne Polarimetric
SAR data. Canadian Journal of Remote Sensing, Vol. 31, No.l, pp. 122-131.
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a)  détection ponctuelle des navires a I’aide du test du rapport des vraisemblances et d’un
calcul de seuil de fagon a obtenir la probabilité de fausse alarme voulue, applicable a de
nombreuses configurations de systéme polarimétrique (de la configuration polarimétrique
quadruple a la configuration a un seul canal);

b)  calcul de différentes grandeurs statistiques d’intérét, telles la covariance et la corrélation
des éléments de a matrice de diffusion, et la moyenne et [’écart-type de la variable de
décision;

¢)  algorithme de décomposition de Pauli pour permettre [’extraction des caractéristiques des
cibles;

d)  différentes options d’affichage d’images.

La structure modulaire du logiciel d’application permet de le modifier facilement et d’ajouter de
nouvelles fonctions. On prévoit la mise a niveau du logiciel d’application actuel afin de fournir
une fonction de détection et de classification de navires. Pour ce faire, il faudra ajouter une
fonction de groupement et de segmentation pour |’extraction des caractéristiques des navires, un
algorithme de levée automatique d’ambiguité, un algorithme de suppression automatique de la
zone terrestre, ainsi que d’autres algorithmes de décomposition. Grace a ces fonctions
supplémentaires et en utilisant des images de RADARSAT-2, ’application de détection de
navires PoISAR LRT sera en mesure de fournir des fonctions de détection et d’extraction des
caractéristiques des navires pour aider a répondre aux besoins des Forces canadiennes en matiére
de surveillance a couverture étendue des océans.

Liu, C., Meek, A. 2005. Likehood Ratio Test Polarimetric SAR Ship Detection
Application. DRDC Ottawa TM 2005-243. R & D pour la défense Canada — Ottawa.
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1. Introduction

Existing spaceborne SARs are either single-polarization systems, or dual-polarized systems
offering amplitude information. In particular, RADARSAT-1 transmits H polarized waves and
receives H polarized scattered fields, i.e., a HH polarization system. ENVISAT offers a
combination of dual polarizations, HH-VV, VV-VH or HH-HV with amplitude modes.
RADARSAT-2, however, will offer many modes, including quad polarimetric (i.¢., simultaneous
HH, HV, VH and VV), dual polarimetric with amplitude and phase, dual-polarization with
amplitude, and single-polarization modes.

The use of polarimetric SAR imagery, including both amplitude and phase information, promises
significant improvement for ship detection [2] and ship classification compared to single-channel
systems. The Canadian Forces, through D Space D, is looking at using RADARSAT-2 imagery
for wide area ocean survcillance when RADARSAT-2 becomes operational. Since RADARSAT-
2 will offer polarimetric SAR modes, it is therefore highly desirable to develop tools to exploit
these capabilitics in support of the Canadian Forces.

The algorithms of the Likelithood Ratio Test Polarimetric SAR Ship Detection Application are
based on statistical decision theory and are applied directly to the components of the scattering
matrix to obtain a function of these components (defined as a decision variable) which is used to
make a decision on the nature of each image pixel. A likelihood ratio test with Neyman-Pearson
criterion is used to define a point detection criterion [2]. The detection variables were calculated
using measured data from DRDC Ottawa trials. This provides actual performance in the context
of observed environmental conditions, including wind speed, wind direction and sea state.

The LRT PolSAR Ship Detection Application developed at DRDC Ottawa will enable
investigation of the capabilities of PoISAR applications in ship detection and ship classification.
The application software was validated using airborne C-band polarimetric SAR data from the
CCRS C-band SAR sensor, flown aboard the EC CV-580, which ofters quad polarimetric
capability. The algorithms developed for quad PolSAR systems are also modified to be
applicable to any possible combination of polarimetric SAR systems. The software can perform
ship detection on data from various PolSAR systems, including quad polarimetric, dual
polarimetric with amplitude and phase, dual polarimetric amplitude and single-channel. It can be
applied to spaceborne SAR system, such as RADARSAT-1, ENVISAT and RADARSAT-2.

The software was developed using several open source tools to provide a graphical user interface.
The detection algorithms were developed in Matlab and implemented in C++ in the application
software. The software is structured with a link to Matlab to permit a continuing development of
ship detection and classification algorithms within the basic structure of the present application
software.

At the present time, the software performs single point (pixel) detection. However, the application
will be upgraded to include clustering and segmentation components; this will provide ship
detection and classification capabilities. Other planned features include automatic ambiguity
removal, automatic land removal, further decomposition algorithms, and support for
RADARSAT-2 imagery. With these additions, the LRT PolSAR Ship Detection Application will
contribute to fulfilling the Canadian Forces’ requirements for wide area ocean surveillance.

DRDC Ouawa TM 2005-243 1



This technical memorandum describes the algorithms for single point detection, their
implementation, provides examples of applications, and the User Guide.
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2. Algorithms

The algorithms are based on the methodology described in [2].

A polarimetric SAR system provides a scattering matrix S(i, j) for each pixel (/, /) in an image.
The matrix components Syy, Syy, Svw, and Syy are complex value elements obtained from the
amplitude and phase of the four channels in the polarimetric data, the possibilities being
horizontal (H) or vertical (V) polarization in transmit and receive. The components of S can be
written as a vector

X ) =[Sau G ) SuyGiy Sval.py Spwl I (1)

where the superscript T is the transpose operator.

The probability distributions in the pixel space of S are complicated functions. As a first
approximation, S is considered to have a multivariate Gaussian distribution with zero mean. [n
practice, it i1s known that the ocean distribution is more heavily weighted towards larger
intensities than a Gaussian distribution. In this work, we have also noted that ship scattering
distributions also share this characteristic. Gaussian statistics will be used to determine the
decision variable; measured data will be used to calculate the detection variables.

For target detection, the target must be distinguished from the clutter background. The key
problem is to determine if a particular image sample belongs to a ship or to the ocean. This is a
binary decision for which four outcomes are possible: a sample could be from the ocean and
could be correctly detected; a sample could be from the ocean and could be falsely detected as a
ship (a false alarm); a sample could be from a ship and could be correctly detected; or a sample
could be from a ship and could be falsely detected as an ocean sample (a missed detection). The
optimum detector for this situation is a likelihood ratio test with Neyman-Pearson criterion [3]
since the a priori probabilities of ship and ocean samples are unknown. This test maximizes the
probability of detection subject to the constraint that the probability of false alarm is less than a
specified value, e.g., i

In this test, a likelihood ratio (or a function of it) is formed from S and is compared to a threshold.
[f it exceeds the threshold, then the sample is determined to be from a ship; otherwise, it is
determined to be from the ocean. The likelihood ratio is defined as:

>1 foraship
g dslB )
Fo (X)

<mn forocean

where 7 is a threshold, P, is the probability density of ship samples and P, is that of ocean
samples. The log likelihood ratio In(L) can also be used.

Assume X is zero mean complex vector that is Gaussian distributed and for each sample type q €
to, s} has probability density function [4, 5]:

DRDC Ouawa TM 2005-243 3



1 _KHex
e

BiKy=s— & (3)
(X)) = 1C, |

Where H is the conjugate transpose operator, C, = £(X4X,") is the covariance matrix, £(-) being
the expected value function; || denotes the determinant; p is the number of elements in X which,
for a quad polarimetric system, has p = 4.

2.1 Quad and Dual Polarimetric System

In general, the elements of C, are much larger than those of C, [2]. Therefore, the term of X"C,
'X can be neglected compared to X"C, "X, and the likelihood ratio of Equation (2) becomes, after
taking logarithms and absorbing terms into a new threshold, 7'

J >n' foraship
X ("X =

<n' forocean

where n'=In(7) — In(|C,|/|C,|). 1n order to treat n” as approximately constant, we must restrict
application to appropriate conditions. Some criteria have alrcady been implemented (see Section
3.2J.

In this approximation, the ship covariance matrix is not required. This forms the basis for
developing practical ship-detection algorithms, as only ocean statistics are needed in the detection
algorithm.

A dual polarimetric system with amplitude and phase consists of a combination of any two
scattering components, except HV and VH since they are reciprocal to each other. The statistical
decision variable described in Equation (4) can therefore be applied using appropriately redefined
definitions of X and the covariance matrices. For a quad polarimetric system, X is defined in
Equation (1); for a dual polarimetric system, X can be reduced to a vector with two terms, i.e. X =
[S, S>] where Sy and S, are the polarimetric components provided by the system.

2.2 Dual- and Single- Channel System

For a dual-channel system with amplitude only, in which the channels are independent, Equation
(4) can be written as:

>n" foraship
2 2 1
Xy [ |~ |= (5)
=l O ok <n' forocean

where |X;| is the amplitude of the complex variable X, and o;* = E(|X;|?). This is approximately
true for polarization combinations that include HH-HV, HH-VH, VV-HV and VV-VH [2].
However, since the HH and VV channels are highly correlated for the ocean regions [2,6], we
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must retain the cross terms for the ocean. An approximate decision variable for a dual-channel
amplitude system is:

>1n' foraship

: I | 3 (XX 6
0-111(1_p ) Guz(l—p ) l_p G102

<n' forocean

where p is the amplitude of the ocean correlation coefficient and it is assumed that the ship
variables are uncorrelated.

For a single-channel system, the decision equation is derived from Equation (5) with X>= 0.

DRDC Ouawa TM 2005-243 5



3. Implementation

3.1 Software Design

A block diagram of the Likelihood Ratio Test PoISAR Ship Detection Application is illustrated in
Figure 1.

Likelihood Ratio Test
Polarimetric SAR Ship Detection Application

v

Input Data

EC CV-580 PolSAR Statistical Decision Parameter

ENVISAT ASAR Calculation
RADARSATI e ——— Calculation of other E
RADARSAT ' "l statistical parameters [
=
Threshold Calculation g =

Image Display

y

RGB (HH, VV, HV+VH)
Single channels
Decomposition/others

Point (Pixel) detection

11N

Detected
Ships

Polarimetric Decomposition
(Selected Methods)

Figure 1: LRT PolSAR Ship Detection Application implementation overview.
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3.2 Description of Functions

The LRT PolSAR Ship Detection Application has the capability to handle large data files. Within
a radar image swath width, the incidence angle varies. For example, in the CV-580 PolSAR
system, the range-gating typically limits the incidence angle from 28° to 74° [7]. The statistical
decision variable varies with the incidence angle because the covariance matrix changes as the
mean signal level changes, which decreases with increasing incidence angle. In order to avoid
significant variation of the statistical decision variable due to large difference of incidence angle
of each scene, each image is divided into strips with an incidence angle difference of 5° which are
processed individually.

This 5° incidence angle difterence is chosen based on the trade-off between the number of
samples in the calculation of the statistical average and the variation of the statistics with
incidence angle. This may not be the optimum number of sections, but this number has been used
here to demonstrate the operation of the software. It can be changed, if necessary.

3.2.1 Statistical Decision Parameter Calculation

The statistical decision variables are calculated for each different type of system as described in
Section 2 (Equations (4) to (6)). However, only calculations for the quad polarimetric system are
presented since the calculations for other systems are similar.

The statistical decision variable for the quad polarimetric system is described by Equation (4) as:
U=X"(C;HX 7)
where the ocean covariance is calculated from:

C, = E(X.X,') (8)

where X, is the scattering vector (Equation (1)) from the ocean pixels. The covariance is
calculated over an entire azimuth strip of 5°.

The set of X, can be selected in two ways. The first is to use all of the pixels in the strip if there
are not many ships present. The second is to iterate and use the X, values which are less than 3
times mean U of the strip. This is called peak clutter reduction which is used if there are many

ships present.

3.2.2 Threshold Calculation

A threshold #’is calculated based on a specified false alarm rate (FAR) using a combination of
extrapolation and curve fitting methods. A series of thresholds 7, are defined and corresponding
FAR values calculated using the image pixels. The curve of threshold vs log(FAR) is fitted with
a 2" order polynomial equation. The desired threshold #is then calculated from the equation for
the specified FAR.
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The decision variable U is calculated for each pixel of the image strip using the measured data.
This is followed by the calculation of its median. The median U is used as an initial threshold 7,
= U because it is less affected than the mean by the presence of large pixel amplitudes if ships are
present. The other thresholds are calculated in increments of half of the median. A curve of FAR
as a function of these thresholds is then calculated. The number of pixels is limited in a specific
image, consequently, the FAR calculated from the measured data is limited. In order to obtain a
specified FAR, such as 10° 107 cte., an extrapolation method is used to fit a 2" order
polynomial equation,

T=a+bx+cx2 (9)
using least squares. In this equation, x = log(FAR).

By solving Equation (9), the FAR vs 7. curve can be calculated, and the threshold 7’
corresponding to the specified FAR can therefore be obtained.

An example plot of FAR vs 7 is illustrated in Figure 2, where the calculation from the measured
data is indicated in red circles, while the extrapolation values are indicated by a blue line.

Here, 2x10° ocean pixel data was obtained from the Quest trial, I1pl, 7 October 2003, conducted
by DRDC Ottawa [8]. The median of the decision variable, U = 3.315, i.e. threshold T,,= 3.315.
T = (1+k/2)T,, k =0, ..., 9 were used to obtain with FAR = 10 x = -8, and by Equation (9), n’
=T=67.20.

Measurad data
™, Extrapalaled vaua

Figure 2: FAR vs. T data and fit for extrapolation.
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3.2.3 Pixel Detection

After the calculation of the decision variables and the threshold 7’ from the specified FAR, pixel
detection is performed using Equation (4). The decision variable of each pixel is compared to the
threshold. If it is greater than the threshold, the pixel is considered to belong to a ship.

3.2.4 Calculations of Other Statistical Parameters

To study ocean and ship characteristics, some statistical parameters, such as the mean of the
decision variable and its standard deviation as well as the correlation coefticient and covariance
of polarimetric channels, are also calculated. If peak clutter reduction is not applied, then these
parameters are calculated for the entire image strip and are considered to represent the ocean.
These parameters are also calculated for the detected ship pixels. If peak clutter reduction is
applied, the ocean parameters are calculated using only the pixels with decision variable less than
the selected peak clutter.

The mean of the decision variable is

_ | %

I =S, (10)
Mg

where M is the number of pixels in the calculation, and the standard deviation is given by

| M = 2
- — =Y (1)
o) [ME(U, U)J

The correlation coefficient for polarimetric channels are calculated by

C(m,n)

R(m,n) =
el \/C(m,m) C(n,n)

(12)

where C(m, n) is an element of the covariance matrix. The correlation coefficient of different
polarization channels indicates the degree of similarity between them.

After potential ships are detected, the intensities (amplitude squared) of individual target pixels
for each polarimetric channel are also calculated to permit study of target-to-clutter ratio (TCR).
The correlation coefficient and covariance of the polarimetric channels of each target pixel are
also calculated.

The estimated statistical parameters of the detected ship targets will support future capabilities
involving ship classification.
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3.2.5 Polarimetric Decomposition Method

Pauli Scattering Vector

The Pauli scattering vector is the scattering matrix S expressed in the Pauli basis [9],

10 I 0 01 O_il
P, =142 V2 V2 V2 (13)
01 0 =3l 10 i oJ

[t permits the extraction of physical information from the 2x2 coherent scattering matrix. The
Pauli scattering vector is given by [9]

k:%[SHH +Spr Sy = Sor  Sa +Suy 8y = el (14)

In practice, almost all targets are approximately reciprocal (i.e., Syy = Siy) [10]. Therefore, in
this application software, the final term of Equation (14} can be set to zero.

The (Syy + Syv) component would tend to be large for single bounce scattering, while (Syy — Siy)
would be large for double bounce, and (S, + S,y) presents the volume scattering.

Pauli Decomposition Method

The application software implements a decomposition method based on the Pauli vector. Each
pixel is assigned to one of three classes, depending on which of the components is the largest in
amplitude. For class 1, (Syy + S;4) is the largest, for class 2, (Syy — Siv) is the largest and for
class 3 (Syrr + Syw) 1s the largest.

3.3 Graphical User Interface

The LRT PolSAR Ship Detection Application is developed for use with the Windows Operating
Systems. The main window of the application software contains an image viewing area, shown
in Figure 3. In this area, the user can view the individual channels of an image, or various
combinations of the channels. For example, images from EC CV-580 polarimetric SAR system
can be displayed in a number of ways including a basic Red, Green and Blue (RGB) composite
(red = |HH|, green = |HV+VH], blue = [VV]) and the Pauli Decomposition (red = double bounce,
green = volume scatter, blue = single bounce). On the right side of the window are four viewing
areas in which the channels of an image are shown individually. Additionally, a small window
displaying the RGB overview of the image can be toggled via the Edit menu. The RGB overview
1s user selectable to be either the basic RGB composite or the Pauli decomposition.

Four image enhancement settings/look-up tables are provided for each of the viewing areas. Also,
the user can zoom in and out on the image (or even rotate it) in any of the viewing areas.

The File menu contains items for opening the four supported image formats, closing the current
image, and exiting. In the Edit menu, the user can toggle the RGB window, toggle the channel

10 DRDC Ouawa TM 2005-243



viewing areas, view the contents of header files, and set the axis limits in the main viewing area.
All of the detection functions for the supported image types are found under the Ship Detection
menu. Under the Matlab menu, the user can export an area of an image to the Matlab™ MAT file
format, as well as call RGB image and Pauli decomposition functions in Matlab™. Items in the
Other Calculations menu include gathering statistics for both ships and ocean areas. The
Matlab™ files are user selectable.

System Architecture

The application software consists of several individual units: Python source code, the Python
Gimp Tool Kit (PyGTK) library for Graphical User Interface (GUI) implementation and
management, the Geospatial Data Abstraction Library (GDAL) and Open Earth View (OpenEV)
libraries for reading and viewing images, and C++ source code for the ship detection functions.

The main modules of the applications are written in the Python programming language [11].
Python allows for rapid development, and various libraries are freely available for accomplishing
simple tasks such as plotting data on a graph.

The PyGTK library [12] provides the various GUI objects for the application such as windows,
menu items, and text boxes. PyGTK is an open source project.

The GDAL provides support for reading in various formats of images [13]. GDAL features built-
in support for the RADARSAT-1 and ENVISAT formats, but custom additions had to be written
for the CV-580 PolSAR data formats. GDAL is an open source project using the OpenEV library
[14]. This library provides the Application software’s image viewing capabilities. OpenEV is
another open source initiative, released under the GNU Lesser General Public License.

The ship detection functions were written in C++ and compiled into Dynamic Link Libraries

(DLLs) for Windows XP. There are four libraries, one for each data format. The code was written
in and compiled by Microsoft Visual C++, NET 2003.
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Figure 3. LTP PoISAR Ship Detection Application softwarc main window,
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4. Applications

The applications of the LRT PolSAR Ship Detection Application are illustrated in this section.
At the present time, the Application software performs single pixel detection.

The detected ships (pixels) from quad polarimetric SAR algorithms are shown in Figures 4 and 5.
The data were obtained from DRDC Ottawa the MarCoPola Polarimetric SAR trial [15] and the
CoCoNaut Polarimetric SAR Signature Trial [16] using the EC CV-580 C-Band PolSAR sensor.
The range-gating typically limits the incidence angle from 28° to 74° for this sensor [7]. The
radar was set to SAW' Off configuration [ 17] which provides a resolution of roughly 9 m in slant
range and | m in azimuth for single-look data. The sample spacing is 4 m in slant range and 0.4
m in azimuth.

Three controlled ships, the Canadian Forces Auxiliary Vessel (CFAV) Quest, Canadian Coast
Guard ship (CCGS) Sir Wilfred Grenfell and CCG Cutter (CCGC) Sambro participated in the
MarCoPola trial. For ground truthing purposes, a 3-axis accelerometer was available on the
Quest and a Trimble GPS was installed on each CCG vessel. The ship locations, speeds and
courses were obtained from this equipment.
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